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摘要 
牡蛎隶属于软体动物门（ Mollusca）、双壳纲（ Bivalvia）珍珠贝目
（Pterio）。牡蛎具有很高的食用价值，现已成为中国乃至世界养殖产量最大
的经济贝类。然而牡蛎养殖业面临着种种威胁，其中包括了病原体的感染。 
铁是脊椎动物血红蛋白的重要组成成分，对机体免疫机制也具有重要作用。
但铁对无脊椎动物免疫系统的影响鲜有研究。本论文以福建牡蛎为实验物种，
以牡蛎的血淋巴和鳃为实验材料，选择铁盐为胁迫方法和诸多分析技术研究铁
盐对牡蛎血淋巴和鳃产生的的影响。 
本文采用 3 mg/L 的铁盐胁迫牡蛎 96 小时，之后用副溶血弧菌对牡蛎进行攻
毒。经过计数，经过铁盐胁迫的牡蛎死亡率明显小于对照组。这种现象初步说
明铁盐可以有效提高牡蛎对副溶血弧菌感染的抵抗能力。 
为了更好地研究铁如何改善牡蛎的免疫能力，选取了多种牡蛎吞噬作用与造
血功能相关的基因：Integrin, PI3K, Rho J, MAPKK, PKC, Myosin, Actin, 
Rab 32, NADPH oxidase, GATA 3, Runx 1, BMP 7。通过 Real-time qPCR 的技
术检测这些基因的 mRNA 在铁盐的胁迫下的表达情况。采用 0 mg/L,1 mg/L,2 
mg/L,3 mg/L,4 mg/L 的铁盐对牡蛎进行胁迫 96 小时，并选取 3 mg/L 的铁盐浓
度下，分别对铁盐胁迫 0h, 4h, 8h, 12h, 24h, 36h, 48h, 60h, 72h, 84h, 
96h 后的血淋巴采样。通过 qPCR 的技术检测这些相关基因在不同离子浓度和不
同胁迫时间下的表达量。与对照相比，经过铁盐胁迫的牡蛎的血淋巴中，吞噬
作用和造血作用相关的基因有明显的上调趋势。说明了铁盐对牡蛎的免疫功能
有增强的作用。 
为了更加全面地研究铁如何改善牡蛎免疫系统，以福建牡蛎的血淋巴和鳃为
实验材料，以蛋白质组学为技术对差异蛋白进行筛选。共在血淋巴中鉴定出
587 个差异蛋白，在鳃中鉴定出 431 个差异蛋白。通过对比，在相同组织不同
胁迫的差异蛋白中，找到了 101 个有相同趋势的差异蛋白，其中血淋巴中 79 个，
鳃中 22 个。通过对这些相同趋势的差异蛋白的分析，我们可以了解牡蛎分别收
到铁和弧菌的胁迫时，产生的相同的应激反应，进一步解释铁对牡蛎免疫功能
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的增强作用。为了了解这些蛋白在转录水平的变化，选取了 Filamin-A, 
Tropomyosin, Cathepsin, Apolipoprotein D 等蛋白的基因。采用 Real-time 
qPCR 技术测定了这些基因的表达水平，发现其表达量趋势与蛋白质组学鉴定出
的趋势相同，进而证明了结果的可信度。 
本论文所获得的研究结果有助于进一步深入探索铁盐对牡蛎免疫系统的影响。
所筛选出来部分差异蛋白可以更好地说明牡蛎在这两种不同胁迫方式下，具有
的相同的应激反应，可以更好地解释分子水平上铁盐如何提高牡蛎免疫能力，
为牡蛎育种提供更加丰富的资料。 
关键词：铁盐； 牡蛎免疫；蛋白质组学  
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Abstract 
  Oyster belongs to Mollusca,Bivalvia,and Pterio. Oyster has 
considerable edible value. Oyster has became marine economic shelfish 
with biggest production in China and the whole world.However, recent 
years oyster culture has been facing many kinds of threats including 
infection of pathogens. 
  In vertebrate, iron is one of hematopoietic elements and the key 
component of hemoglobin. Iron also plays important role in immune 
mechanism. But in invertebrate there are little research about how 
iron salt influcences immune system in invertebrate.Thus we choose 
Fujian oyster as the experimental species and adopt many analytical 
techniques to research how iron salt influence hemolymph and gill of 
oysters. 
  We expose oysters with 3 mg/L iron salt for 96 hours and challenge 
them with Vibrio parahaemolyticus after exposure.Through counting, it 
has been found out that oyster died less significantly after exposure 
compared to the control group. And oysters in expriment group hardly 
died after challenge in 24 hours. Preliminarily this phenomenon can 
illustrate that iron salt can effectively enhance oysters' resistant 
ability to Vibrio parahaemolyticus. 
  To better understand how iron salt influence immune function of 
oysters, we selected multiple genes related to phagocytosis and 
hemopoiesis: Integrin, PI3K, Rho J, MAPKK, PKC, Myosin, Actin, Rab 32, 
NADPH oxidase, GATA 3, Runx 1, BMP 7. Then mRNA expression tendency 
in hemolymph of these genes were detected using Real-time qPCR after 
iron salt exposure. We select 0 mg/L,1 mg/L,2 mg/L,3 mg/L,4 mg/L iron 
salt concentration to expose oysters for 96 hours. And we exposed 
oysters with 3 mg/L iron salt and took samples at 0h, 4h, 8h, 12h, 
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24h, 36h, 48h, 60h, 72h, 84h, 96h. These genes were detected under 
concentration gradient and time gradient. Compared with control group, 
these genes were up-regulated after iron salt exposure. It can be 
concluded that iron salt can enhence immune function of oysters. 
  To understand how iron salt influence oysters’immunity, we 
collected the hemolymph and gill of oysters to proceed proteomic 
experiments and data analysis. Iron salt exposure and vibro challenge 
were considered as independent variable. There are 587 proteins in 
hemo group, including 173 up-regulated proteins and 414 down-
regulated proteins. And there are 431 proteins in gill group, 
including 182 up-regulated proteins and 249 down-regulated proteins. 
After comparison, we found 101 differentially expressed proteins with 
same tendency, including 79 proteins in hemolymph group and 22 
proteins in gill group. Then we proceeded retrieve and literature 
review about these proteins. We concluded that these proteins are 
related to energy metabolism, cytoskeleton, DNA replication, protein 
translation and so on. Especially mutiple ribosomal proteins down-
regulate after iron salt exposure and vibro challenge. Through 
analysis of these differentially expressed proteins with same 
tendency, we understanded some common stress reaction after exposure 
and challenge. So we can explain how iron salt enhence immune 
function of oysters. Then mRNA expression tendency of these 
differentially expressed proteins were detected using Real-time qPCR. 
Tendency of mRNA expression were same as the tendency of 
corresponding proteins. 
    Our research results contribute to future exploration of how iron 
salt impairs immune function of oysters. These differentially 
expressed proteins better illustrate common stress after exposure and 
challenge and explain how iron salt influence on oysters’immunity. 
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These results can provide valuable data to research immunoreaction of 
mollusc.  
Key Words: iron salt; immunity of oyster; proteomics 
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1  前言 
1.1  牡蛎简介 
牡蛎隶属于软体动物门（Mollusca）、双壳纲（Bivalvia）、翼形亚纲
（Pterimorphia）、珍珠贝目（Pterioida）、牡蛎科（Ostreidae），牡蛎的
肉质鲜美，营养丰富。根据形态特征和分布，牡蛎被划分为近江牡蛎、僧帽牡
蛎、长牡蛎、太平洋牡蛎等。牡蛎的食用和药用价值很高，干重蛋白质含量
45%-52%，脂肪7%-11%，糖19%-38%，维生素和矿物质含量也很丰富。 
2007 年世界牡蛎总产量为 440 万吨，其中中国产量 353 万吨，占全国海水养
殖产量的三分之一。福建省是中国最大的福建牡蛎育苗及养殖区域，2010 年养
殖面积达到 36030 公顷，产量达到 145.6 万吨。牡蛎已成为中国乃至世界养殖
产量最大的的经济贝类。福建牡蛎解剖图如图 1.1所示。 
近年来，牡蛎养殖业面临着种种威胁，选育具有较强抗逆性的牡蛎品种成为
了牡蛎养殖业持续繁荣的关键。 
 
图 1.1 福建牡蛎解剖图 
Fig.1.1 Anatomy of Fujian oyster 
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1.2  矿物元素对于水产动物免疫机能的影响 
近年来, 由于病原体的爆发, 使水产养殖业蒙受了巨大的损失。而滥用抗生
素等药物会导致抗药性、危害性以及对水源的污染等诸多不良的影响, 通过增
强水产动物自身的免疫力来提高其抗病能力, 以及筛选抗病品种已成为当前研
究的热点。 
  与其他动物相同, 水产动物的免疫系统由两部分组成,即细胞免疫系统和体液
免疫系统。细胞免疫包括血细胞和组织中的吞噬细胞, 以及细胞毒活性和细胞
的包囊作用;体液免疫包括抗体、凝集素、抗菌肽、酚氧化酶原系统、溶酶体酶、
超氧化物歧化酶、碱性磷酸酶、酸性磷酸性酶等可识别异物和清除病原的免疫
因子。[1][2] 
研究发现, 矿物元素对水产动物的免疫机能具有极为重要的作用, 它通过作
用于水产动物的免疫器官和与免疫相关的酶等因子来影响其免疫功能和健康状
况。因此，在水产动物中适量运用矿物元素能起到促进生长、提高免疫力和抗
病能力的作用。矿物元素在动物体内含量甚微, 但在机体生命活动中起着重要
作用。研究其对水产动物免疫机能的影响, 对完善饲料营养构成, 提高饲料效
率和促进鱼虾等水水产品的健康养殖具有积极的作用。[3] 
1.3  铁盐对水产生物的影响 
1.3.1  概述 
  铁是一种造血元素, 是血红蛋白的重要组成成分。铁对机体免疫机制具有重
要作用, 因为铁是核酸还原酶和生物氧化过程中某些酶(黄嘌呤氧化酶、琥珀酸
脱氢酶等)的活性中心或辅酶, 缺铁会影响这些酶的活性, 从而影响DNA 的合成
和T淋巴细胞的增殖, 使外周淋巴血液T 细胞数量减少, 影响浆细胞对免疫球蛋
白的合成, 使吞噬细胞活性受损, 导致杀伤力降低。因而缺铁时白细胞杀菌能
力降低, 机体易受感染, 感染后的红细胞破坏加速, 机体死亡率升高。[3][4] 
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